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This paper presents a new fabrication technology for conducting AFM cantilevers with integrated AlN-based 
piezoelectric actuators.  A major effort has been done for the process integration of a high quality AlN layer onto the 
Si cantilever together with a high wear resistance, PtSi-based conducting tip. Functional AFM devices have been 
successfully tested in tapping mode imaging experiments. Such type of cantilevers are of great interest for dynamic 
AFM applications especially for tapping or dithering mode AFMs as well as for using the piezoelectric structures as 
an integrated position sensor. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction  
Piezoelectric materials are able to convert an electrical voltage into a mechanical movement, which 
makes them an interesting material for micromechanical sensors and actuators. One of the most readily 
available candidates for silicon process integration used to be Aluminum nitride (AlN), yet the recent 
progress in the deposition of Lead-Zirconate-Titanate (PZT) thin films offers many promising 
perspectives. 
Compared to PZT, AlN generates much smaller cantilever deflections at the same voltage level due to 
a significantly lower lateral piezoelectric d31 coefficient. However, AlN has several important benefits 
over PZT regarding the integration in MEMS fabrication processes. Beside the fact that AlN is fully 
CMOS-compatible, the AlN layers can easily be patterned by dry etching. Moreover, AlN does not 
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require any poling after its deposition since it is not a ferroelectric material and it is therefore less critical 
to long term stability issues. Due to a much lower dielectric constant of AlN, cantilever structures used as 
a sensing element show better voltage sensitivity compared to those made of PZT [1]. Hence, for 
applications where large actuations forces or deflections are not required, AlN is favored over PZT. 
2. Device fabrication and results 
To provide an adequate actuation at low voltage (< 15 V), a thin AlN layer would be desirable. Finite 
element simulations (FEM) clearly show that even on 6 μm thick silicon, AlN layers as thin as 100 nm 
would be sufficient (Fig. 1a). Thanks to the very high break down voltage of AlN films (up to 400 V/μm) 
the achievable cantilever deflection could be increased using very thin AlN layers.  
However, prepared cantilever test elements for determining the lateral piezoelectric module (e31,f) of 
sputtered AlN films of various thicknesses showed lower e31,f values for the 500 nm and 1000 nm thick 
samples, compared to the 2000 nm thick AlN layers (Fig. 1b). Obviously sputtering very thin AlN film 
leads to a reduction of the piezoelectric properties of the deposited layer as interfaces effects dominate. In 
our experiments on cantilever test structures, we found that the material of the bottom electrodes 
influences the piezoelectric performances of the AlN films. Using a Platinum instead of a Molybdenum 
electrode results in higher values of the lateral piezoelectric module e31,f  for AlN films with a thickness of 
500 nm and lower [2]. Practically, we found a lower limit for the layer thickness, as in layers below 300 
nm short circuits became apparent. Therefore, for our actuator design, we kept the AlN thickness in the 
500 nm range.  
For the deposition of AlN layers, a dedicated sputter tool (Oerlikon Clusterline 200) is available at 
Fraunhofer ISIT, which allows the preparation of high quality and very uniform AlN layers. Typically, 
the AlN films are sputtered at 400°C to ensure a high degree of texture of the deposited films. Since the 
mechanical stress causes a bending of the cantilever structure, the stress control in the sputtered AlN films 
is essential. A detailed study shows that the stress in AlN depends primarily on the applied RF power 
during sputtering, to a lesser extent also on the thickness of the prepared AlN layers [2].  
      (a)             (b) 
Fig. 1.  (a) FEM simulation of the max cantilever deflections at a constant driving voltage of 10 V with different AlN layer 
thicknesses. In this model a cantilever length of 200 μm, a thickness of 6 μm for the underlying Silicon layer and a 
transverse piezoelectric coefficient d31 for the AlN of -2.5 pC/N was assumed.  
(b) Measured e31,f values of  piezoelectric AlN films on Platinum bottom electrodes. 
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Fig. 2.  Process flow chart for the fabrication of the AFM cantilever with integrated piezoelectric actuator. After the tip was
defined with a dry etching process the tip is hardened by an additional Platinum silicidation step. The piezoelectric AlN 
film and the required electrodes are deposited after this high temperature process. In the final process steps the cantilever 
is etched from the front and back side.  
      (a)             (b) 
Fig. 3.  (a) SEM picture of the complete AFM cantilever chip.  
(b) Detail of AFM cantilever with integrated AlN structure and tip (upper scale in insert: 200 nm).
The process flow to fabricate a complete AFM cantilever with PtSi-based conducting tip [3] and 
integrated actuators using 500 nm thick AlN actuators is shown in Fig. 2.  
The tip fabrication process occurs prior to the metallization and AlN layer deposition in order to avoid 
degradation of the piezoelectric stack during high temperature treatment necessary for its fabrication. The 
silicon oxide layer used to avoid interdiffusion between the silicon cantilever and the piezoelectric stack 
is kept as thin and small as possible to minimize cantilever bending. The cantilevers are fabricated into 
the 3-μm-thick n-type device layer of a silicon-on-insulator (SOI) wafer. The tip is patterned and etched 
isotropically by reactive ion etching (RIE) using SF6 chemistry. During this step, the anchor and the 
thickness of the anterior part of the cantilever is defined. The bottom electrode consists of a Ti/Pt film 
patterned by a lift-off process.  
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Fig. 4. Deflection of the AFM cantilevers vs. driving voltage for different dimensions and positions of the AlN elements. 
The piezoelectric layer AlN is then hot sputtered on the wafer followed by sputter deposition of a 
Molybdenum layer used as a hard mask for the subsequent wet etching of the AlN in hot TMAH solution. 
After removal of the hard metal mask, the top electrode and the wiring is deposited by sputtering a Au/Cr 
layer and structured using wet etching. The whole fabrication process is completed by patterning the 
cantilevers and a final release etch process using deep RIE of the bulk silicon. SEM images of completely 
fabricated AFM devices are shown in Fig. 3a and 3b. 
Measurements on the completed devices show a static deflection in the range of 100 - 200 nm, depending 
on the exact designs (Fig 4). Placing the piezoelectric stack onto the thick part of the cantilever offers 
higher tip deflection due to the increased effective cantilever length. First AFM tapping mode imaging 
experiments using the piezoelectric AFM cantilevers demonstrate the viability of the concept. 
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